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1. Introduction
The opioid epidemic has become a public health crisis. Over 42,000 Americans died from
opioid overdoses in 2016, which was over double the amount of deaths only six years prior.1
Because of this, many different harm reduction practices have been adopted by various fire and
health departments. Popular harm reduction practices include passing Nalaxone Access Laws
(NALs) that remove legal liability and expand access to naloxone (a drug that prevents drug
overdoses as they are happening) and Prescription Drug Monitoring Prongrams (PMDPs), which
allow physicians to monitor the number of drug prescriptions individual users receive, thereby
limiting the over prescription of opiates to drug-dependent users. As these policies have been
implemented, it is imperative to study and understand the public health outcomes associated with
these programs. While there has been great public and academic debate over whether or not
PMDP’s and NAL’s are effective at stopping drug overdose deaths (scores of articles have been
published in publications such as The New York Times2 and The Atlantic3), there has been no
research on how PMDPs and NALs affect the rate of HIV transmission among intravenous drug
users. I suspect that NALs may encourage more drug use because they lower the risk associated
with drug use, which could result in more drug-related HIV cases. PDMPs may also result in
increased HIV transmission because when the supply of opiate prescriptions is decreased, the
black-market price of prescription opiates increases, which could encourage drug users to switch
to cheaper intravenous drug usage methods. With a lifetime public and private cost of over
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$400,0004 per new HIV diagnosis, it is imperative for policy makers to have an understanding on
how these programs influence HIV rates among intravenous drug users.
The literature surrounding NAL is mixed. Local case studies and (Rees et al 2017) show
that NALs are effective at limiting the number of overdose deaths by an estimated 9-11%.
(Doleac and Mukherjee 2018), on the other hand, find the opposite showing that the
implementation of NALs in the Midwest is correlated with a 14% increase in overdose deaths.
Other regions had smaller differences.
The literature around PMDPs is also very mixed as well. While evidence shows that
PMDPs are effective at limiting the number of prescription opiate prescriptions and “pill mills,”
it is unclear if this leads to less drug abuse. There is a great body of literature finding no evidence
that PMDPs lead to fewer drug overdoses (Paulozzi, et al., 2011; Gugelmann et al., 2011; Li et
al., 2014). One study shows that limiting the number of prescription opiates available for drug
users encourages them to switch to heroin (Rudd et al., 2016). If this relationship is indeed true
then PMDPs could lead to increased HIV transmission by increasing the number of intravenous
drug users.
While studies do show that syringe exchange programs are effective at limiting the
spread of infectious disease (Packham 2019), There are no current studies examining how other
harm-reduction strategies effect HIV transmission. This is what I will look to examine in the text
below. It is important for policy makers to understand the relationship between NALs, PMDPs
and HIV transmission to reduce public cost and human suffering.
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The purpose of this thesis is to fill the aforementioned gap in the literature through my
empirical model. Using CDC data and prior research by (Doleac and Mukherjee 2018), I regress
the number of prescriptions and NAL’s implementation on new HIV diagnoses. I then repeat the
regression to see what if any effect NALs and PMDPs have on the number of overdose deaths.
I find that enacting a NAL is correlated with a statistically significant 23% decrease in
new HIV cases. Every additional opioid prescription per 100,000 people is associated with a one
percent decrease in HIV infections. Translating that to percentages, a 10% percent decrease in
the number of opioid prescriptions is correlated with a 7% increase in the number of HIV
infections. Furthermore, I find that NALs are found to be in my model to be correlated with a
14% increase in overdose deaths. Opioid prescriptions are found to have a similar effect on
overdoses as they had with new HIV infections: there is a 7% increase of overdoses for a 10%
decrease in opioid prescriptions.
Accordingly, Section Two of this thesis will provide background information about the
opioid epidemic, and NALs and PDMPs as responses to the epidemic. In Section Three, I will
go into further depth about the data. In section Four, I will then explain the empirical methods
that I use in order to obtain the results seen above. The final section concludes.
2. Background
The opioid epidemic claims nearly 115 lives a day (CDC 2018). This addiction is usually
caused by people being prescribed opiates from a doctor and becoming addicted. As many as
four out of five heroin users begin with prescription opiates (Muhuri et al., 2013). Drug
overdoses is a major reason why the all-cause mortality of 45-54 white males has increased 0.5%
per year between 1999 and 2013 (Case and Deaton 2015). This has led to lawmakers to think of
ways to mitigate the devastating impact and to prevent new drug users and new overdose deaths.
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Policy makers have recently been pushing to make Naloxone legal to use in the treatment
of drug users. Naloxone is an opioid that can effectively reverse overdose symptoms when
properly used (CDC). US surgeon general, Dr. Jerome Adams, has issued an advisory
encouraging everyone to have naloxone in their medicine cabinet5 .
Previously, obtaining Naloxone required a prescription from a doctor. Due to the liability
associated with prescribing and administrating naloxone it was rarely administered as a
lifesaving drug. However, NALs have increased the reach of which these drugs can be used. In
some states Naloxone is available to purchase without a prescription in a pharmacy. Other states
passed laws offering immunity civil liability when dispensing naloxone (NM stats 30-31-27).
Recently, NALs have received bipartisan support in an effort to curve the opiate epidemic
(Ollove 2014). These laws allow pharmacists to provide prescriptions for naloxone. This is
effective because untrained people can successfully administer naloxone (Doe-Simkins et al
2014). In fact, 83% of drug overdose reversals are performed by drug users (Wheeler et al
2015). One possible benefit of these programs is that NALs can lower the number of 911 calls
local fire and police departments receive Seal et Al (2003). However, there is no data about the
amount of naloxone dispensed in the United States.
There have been multiple case studies showing the effects of Naloxone access on the
opioid death rate in the local context. (Albert et.al 2011) and (Walley et al. 2013) find that
Naloxone access when coupled with other harm reduction programs seems to lower the opiate
death rate. (Rees et. al 2017) look at this issue on a state by state basis. They look at when
(NAL’s) were enacted and find a 9-11% decrease in opiate related fatalities attributed to NAL
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implementation. (Deiana and Guia 2018) find no correlation between NAL’s and overdose
deaths.
(Doleac and Mukherjee 2019) also look at NAL implementation and find the exact
opposite effects of (Rees. et al 2017). (Doleac and Mukherjee 2019) found that Naloxone access
laws had significant effect on opiate mortality rates in the South, Northeast and West and a 14%
increase in opiate related deaths in the Midwest. They also find NALs to be associated with
increased crime, which suggests that these laws potentially create a moral hazard because drug
users may inject heroin laced with dangerous additives such as Fentanyl. This theory builds off a
larger body of literature that drug and alcohol dependent people are still rational and sensitive to
prices (Becker and Murphy 1988), (Grossman and Chaloupka 1998). While NALs are able to
prevent deadly overdoses, there is evidence to suggest that these programs might lead to more
harm then they negative consequences they intend to prevent.
Another harm reduction strategy that has been implemented is prescription drug
monitoring programs (PDMPs) which track patients’ opioid prescriptions and give that
information to doctors. This prevents doctors from over prescribing opiates and provides them
with a better understanding about which patients may have a drug dependency problem. This
policy is also effective at shutting down “pill mills.” These programs have led to a great decrease
in prescription opiates across the board (Rutkow et al 2015). However, it is unclear if decreasing
the supply of opiates leads to less opioid abuse overall.
PMDPs have come under major criticism about whether they are actually effective at
preventing drug overdoses (Paulozzi, et al., 2011; Gugelmann et al., 2011; Li et al., 2014). The
concern is that some users have substituted prescription opiates for heroin after PMDPs have
been enacted. This is believed to have led to a more than tripling of the number of heroin-related
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deaths (Rudd et al., 2016). However, different studies show that PDMP’s are reasonably
effective at preventing overdose deaths and increasing drug treatment admissions (Haegerich et
al. 2014 Bao er al. 2016). A larger meta-analysis found no clear relationship between PMDP’s
and drug overdose deaths (Pardo et al, 2018).
Most studies of infectious disease prevention measures for opiates are based on the
proliferation of Syringe Exchange Programs (SEP’s). (Packham 2019) looks at the syringe
exchange programs in the context of the opioid epidemic. She finds that access to SEPs results in
reducing new HIV diagnoses up to 18.2%. However, she also finds that SEPs are correlated with
higher opiate mortality rates and higher rates of hospitalization. 6
This is the only study looking at the effects of NAL and PMDPs on the HIV rate. I
believe that this connection should not be overlooked and should be studied further. If NALs
encourage more drug use and if PMDPs lead drug users to switch to intravenous methods, then
these programs can result in a large public cost due to an increased numbers of HIV cases. There
is also no clear consensus in the literature on If NAL or PMDPs increase or decrease drug
overdose deaths.
3. Data:
I use data from a number of different sources. Specifically, I obtain state-by-state HIV
infection data from the Center of Disease Control Prevention’s National center for HIV/AIDS,
Viral Hepatitis, STD and TB prevention (NCHHHSTP) Atlas. This is the only complete source
of annual state-level sexually transmitted disease data that is currently up to date. This data
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at the literature review in Packham (2019).
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separates HIV infections based on cause. It allows me access information to look at new and
existing diagnoses. This is especially useful because I am only interested in HIV infections due
to intravenous drug use. However, this might be a reason for underestimating the true number of
HIV infections prevented because if HIV spreads through intravenous drug use, then this will
also put the sexual partners of drug users at risk as well. State level data is preferable because all
county-level data is blocked if the number of infections is less than five. This prevents access to
75 percent of the county level data7. State-level data includes panel data from 2008- 2018
including all 50 States and the District of Columbia. This means that there is a total of 561
observations in my sample.
To isolate the effect of naloxone access laws on HIV transmission I also wanted to
control for the effects of syringe exchange programs. Syringe Exchange programs are proven to
be effective on stopping the spread of HIV among people who inject drugs. To do this, I made an
index of the estimated percentage of people who live in a county in which there is a syringe
exchange program in a given state. To create this index, I used the NASEN (North American
Syringe Exchange Network) index of operational needle exchange programs to calculate the
percent of the state that resides in a county with an operational SEP in 2018. NASEN never
accepted my requests to provide historical data on syringe exchange openings. Because of this, I
had to extrapolate using the 2018 data. For earlier years, I made estimations of the number of
needle exchange programs from the AMFAR Syringe exchange coverage maps from 2013 and
2014. I recalculated the index from those years and used the 2013 figure as an estimation for
2008- 2013. I also looked for any relevant laws or new articles from 2008- 2018 about when
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unable to get permission from each state's HIV surveillance program
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syringe exchange programs were authorized in the states. However, in many states needle
exchange programs operated without being authorized. This makes it difficult to look at a single
law to provide information about when syringe exchange programs were operational. To deal
with problems with this figure I separated the syringe exchange index into four different binary
variables, using only three in the regression to limit collinearity.
In addition to controlling for the effects of syringe exchange programs, also controlled for
the following variables. First, I controlled for the opioid prescription rate per 100,000 people. For
this, I used the CDC U.S. prescribing rate maps that are available online from 2006 to 2018.
These maps are a good indicator to see how bad the opioid epidemic has hit certain states. I also
controlled for the number of overdoses due as well. I obtained this information from the Center
of Disease Control National Wonder multiple cause of death database, which provides
information about different causes of death including the number of drug overdose deaths per
year per state. Over 70% of drug overdoses deaths comes from opioid use. This means that total
drug overdose death should be highly correlated with the amount of intravenous drug use.
The information about the pass date of naloxone access laws was passed based on prior research
of Doleac and Mukherjee (2018). In addition, I controlled for state and year fixed effects. I also
added socioeconomic and racial controls such as percent of population food insecure, percent of
population in poverty, unemployment rate and percent of the population that identifies as African
American. Table 1 presents summary statistics 8.
4. Empirical Strategy and Results

8

For Hivd100k I divided the number of new hiv cases by 100,000. Scripts is the number of
prescription opiates per 100,000 people. NAL is whther the state has inacted a Naloxone access
law. Oddpop is (Overdoses / population ) *100000
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In order to study the effects of NALs on the HIV rate I estimate an ordinary least squares
method (OLS) model of the following seen below.
Y1= B0+B1NAL1+B2SEP2+B3OPR3+B4OD4+B5E5+ti+si+e
where Y is the HIV rate per 100,000, and NAL is an indicator variable equal to 1 if the state has
an NAL enacted and 0 if the state has not. X is a vector for the indicator variables for the SEP
index (seplow, sepmid, sephigh). OPR is the number of opiate prescriptions. OD is the overdose
rate. E is a vector for socioeconomic controls such as poverty, unemployment and percent of the
population which is food insecure . ti is year fixed effects and si is state fixed effects.
In order to study the effects of NALs on the number of overdose deaths rate I estimate an
ordinary least squares (OLS) model of the following seen below.
OD= B0+B1NAL1+B2SEP2+B3OPR3+B4HIV4+ B5E5 +ti+si+e
In the first regression (results located on table 2), I found that NALs implementation is
associated with a 23% decrease in the number of new intravenous drug related HIV infections. I
also found that every additional opiate prescription per 100,000 is associated with a one percent
increase in HIV rates. This means that if a PMDP was to decrease the number of opiate
prescriptions by 10% this would be correlated with a 7% increase in the number of HIV
diagnoses. I found NALs to also increase the number of drug overdose deaths by 14%. I also
found that decreasing opiate prescriptions by 10% is associated with an increase in overdose
deaths of 7%. Surprisingly, I also found that syringe exchange access is correlated with increased
HIV transmission.
The results that I have obtained are surprising on multiple levels. Before running this
regression, I did not expect NALs to have a negative rate on HIV rates. I expected NALs to raise
HIV rates because of the fact that I would expect NALs to encourage more drug use, which
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would increase the transmission of HIV. NALs may encourage riskier drug use (such as using
cheaper additives like fentanyl) but the data suggests that they may not necessarily encourage
more drug use among drug users. That being said, the intuition about NALs decreasing HIV
transmission rates is unclear.
Another surprising result is the strong effect that NALs had on the HIV rate and the
overdose rate. Casual empiricism would suggest that expanding access of naloxone alone would
not lower HIV transmission among drug users by 23%. This is a strong effect while not having a
strong intuitive explanation. In regard to the relation between to NAL’s I find results relatively
consistent with (Doleac and Mukherjee 2018). I find that NAL implementation results in an 14%
increase in the number of overdose deaths. However, (Doleac and Mukherjee 2018) only found
the 14% percent increase in the Midwestern region of the United States. This indicates that my
result is more general than theirs.
Another surprising result is that my results show that syringe exchange programs result in
higher rates of HIV rates among intravenous drug users. This goes against (Packham 2019) and
all of the prevailing academic literature on the subject. The idea that giving clean needles to
intravenous drug users would raise HIV rates also goes against casual empiricism. I believe that
this positive effect of syringe exchange programs has to do with either an error in my data set. As
mentioned above, I had to use estimation strategies while creating my syringe exchange index
due to information and time restrictions. This could have led to an upward bias in my model.
My results also show that lowering the number of prescription opiates results in higher
rates of HIV transmission and more overdose deaths. A plausible explanation for this could be
that when the supply of oral opioids is limited then the price of illicit prescription opiates rises.
With rising prices, opioid-dependent users are incentivized to move to cheaper intravenous
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alternatives such as heroin. Heroin has a much higher rate of overdose and is a way for infectious
diseases such as HIV to spread. (MM Ali et al 2017) and (Fink et al 2018) have shown that
reducing the supply of opiates can result in drug users moving to using heroin.
5. Conclusion
The opioid epidemic continues to destroy communities and families. To combat this,
NALs and PDMPs have been proliferating across the United States to lessen the negative impact
of the opioid epidemic. However, the effects of these programs have not been properly studied
and recently the effectiveness of these programs has been called into question. One major
externality of these programs that has not been studied is how these programs affect HIV rates.
Intravenous drug use is associated with spreading HIV, which bears a lifetime private and public
cost of over $400,000 per individual case. To prevent suffering and to save taxpayer dollars it is
imperative for policy makers to consider how policies such as NALs and PMDPs effect HIV
transmission.
NALs are laws that remove legal liability and improve access to naloxone, a drug that
prevents drug overdoses from turning deadly. This has led to increased access to naloxone in
much of the United States. The results are mixed on whether or not this is actually effective at
preventing drug overdoses. (Rees et. al 2017) finds that NALs save lives and lower the amount
of drug overdoses by approximately 10%. (Doleac and Mukherjee 2018) find the opposite, they
find that NALs incentivizes intravenous drug users to inject more potent cheaper substitutes like
fentanyl resulting in a 5-14% (depending on region) increase in the number of drug overdose
deaths.
PDMPs are programs that provide records of how many opiate prescriptions each
individual has received. These programs have been effective at limiting the number of opiate
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prescriptions that are available. The literature on these studies has been mixed, with (MM Ali et
al 2017) and (Fink et al 2018) show that PDMP’s can lead to opiate users using intravenous
methods such a heroin. The wider body of research of (McDonald, Carlson, and Izrael, 2012;
Reifler et al., 2012; Jena et al. 2014; Haegerich et al. 2014) show very small positive or no
effects of PMDP’s on drug misuse.
This paper addresses multiple gaps in the literature. While there have been studies of the
NALs and their effect on overdose deaths, there have been no studies on how NALs effect HIV
transmission. There is also no study on the effects of decreasing opioid prescriptions on the
overdose rate. This a gap in the literature that I am looking to solve through my empirical
methods. To solve this issue, I used data from the Center of Disease control and the University of
Kentucky poverty research center. In my model, I run an ordinary least squares regression with
different variables such as HIV infection rate, opioid prescription rate, overdose rate and syringe
exchange proliferation.
I find that Naloxone access laws are negatively correlated with HIV rates. Adding a NAL
has leads to an estimated 22% decrease in HIV rates. I also find, based on my results, NAL
implementation is correlated with a 14% increase in overdoses. In regard to PDMP’s I find that
there is a 7% increase in HIV infections for every 10% decrease in opioid prescriptions. I also
find decreasing opioid prescriptions to be correlated with increase overdose rates. For every 10%
decrease in opioid prescriptions there is an estimated 7% increase in drug overdose deaths.
One limitation of this paper is that it is unclear why NALs have such a large positive
effect on HIV rates. While I would have expected NALs to either have no effect or increase
transmission I did not expect NALs to lower HIV transmission rates. The mechanism by which
NALs would lower HIV infections is unclear.
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Consistent with (Doleac and Mukherjee 2018), I find that NALs do in fact lead to an
increased number of drug overdose deaths. However, my nationwide result of 14% increase is
higher than (Doleac and Mukherjee 2018) 14-5% increase. My model may have overestimated
the effects of these programs. Nevertheless, based on the effects that I have found, I would
encourage local and state governments to consider the moral hazards that may result from
implementing NALs. NALs have the possibility of lowering the “cost” of a drug overdose, by
lowering the risk of death. This would incentivize drug users to use cheaper more dangerous
alternatives like fentanyl, increasing the incidence of overdose despite naloxone’s lifesaving
properties,
I also find that decreasing opioid prescriptions is correlated with statistically significant
increase in HIV rates. For every ten percent increase, there is in seven percent increase in the
number of new HIV infections associated with drug use. There is a similar effect of prescription
drugs on overdoses with a 7% increase in drug overdose deaths for every 10% decrease in opioid
prescriptions. This is because when the supply of opiates is decreased then the price of illegal
prescription opiates increases. This incentivizes drug users switch to more dangerous alternatives
like fentanyl.
There are major shortcomings associated with my model. For one, syringe exchange
programs are correlated with more HIV cases. This goes against the empirical literature and is
much more likely due to some sort of flaw in how I constructed the syringe exchange index due
to a lack of available information. Another problem is how the effect of NALs on seems to be the
opposite of what I expected and there is unclear intuition on why that might be.
The reduction of prescription opiates seems to result in a 7% increase in overdose deaths
and HIV diagnoses for every 10% decrease in prescription opiates. The mechanism in which this
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happens is due to the fact that drug users when prescription opiates become less available switch
to less expensive more intravenous options such as heroin. This speaks to the difficulty in
implementing harm reduction strategies.
A major takeaway from this paper is that when policy makers make laws to curb the
spread of drug use, they should consider possible unintended consequences of these policies.
With a lifetime cost of over 400,000 dollars per new HIV diagnosis it is imperative for local
policy makers to consider how NAL’s and PMDP’s affect HIV and other infectious disease
transmissions.
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Table 1

Variable

Observations

Mean

Std. Dev

Min

Max

Hivd100k

561

.83

1.43

0

22.23

scripts

561

77.37

23.92

25

146.9

NAL

561

.3529

.4783

0

1

Oddpop

561

14.25

7.59

1.16

54.68

Serplow

561

.196

.397

0

1

Sepmid

561

.2121

.409

0

1

sephi

561

.215

.4116647

0

1

Pctblack

561

11.33

10.847

.67

50.06

Poverty

561

13.2608

3.34543

6.1

23.1

Unemploy

561

6.219

2.24

2.4

13.7

Foodi

561

14.39

3.42

6.11

25.22
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Table 2
Variables

(1) Hivd100k

(2) Oddpop

NAl

-.188***
(.065

1.91***
(.0653)

scripts

-.0087***
(.00322)
-.076*
(-.009)
------

-.1216***
(.0032)
-------

.047
(.235)
.433***
(.319)
.529***
(.429)
-.007
(.0114)
-.0652***
(.022)
.01243
(.0084)
Yes
Yes
0.7186

-1.55*
(.8805)
4.37***
(1.16)
4.48***
(1.569)
-.03777
(.1135)
-.0901
(.2145)
.1677**
(.0799)
Yes
Yes
0.8352

oddpop
Hivd100k
seplow
Sepmid
sephi
pctblack
unemploy
Foodi
State Fixed effects
Year fixed effects
R^2

-1.02918***

Standard error in parentheses * significant at 10% level ** significant at 5% level *** significant at 1% level
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